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Abstract

The prevalence of symptomatic insomnia and the prevalence of restless legs syndrome
(RLS) are known to be higher among patients with rheumatic diseases compared to the gen-
eral population. The prevalences of insomnia and RLS reported in a questionnaire by Japa-
nese patients with rheumatic diseases at an outpatient clinic were analyzed herein. The
association between the patients’ disease activity and their sleep quality was analyzed. Of
121 rheumatic disease patients, 70 were enrolled. The median (interquartile range) age at
enrollment was 62.0 (47.8-68.0) years. There were 58 women (82.9%) and 12 men
(17.1%), and 43 patients (61.4%) with rheumatoid arthritis (RA), nine (12.9%) with systemic
lupus erythematosus (SLE), and 18 (25.7%) with other rheumatic diseases. Twenty patients
(28.6%) had one or more moderate-to-severe insomnia symptoms, and 10 (14.3%) were
diagnosed with RLS. Among the patients with RA, the swollen joint count based on a 28-
joint assessment (SJC28) was significantly higher in the insomnia group (n = 13) compared
to the non-insomnia group (n = 30) (p = 0.006). A classification and regression tree (CART)
analysis showed that the cut-off points of >3 mg/day prednisolone (PSL) treatment and
<16.54% as the transferrin saturation (TSAT) value would best predict RLS in rheumatic dis-
ease. Patients with rheumatic disease had a high prevalence of symptomatic insomnia and
RLS. A higher dose of PSL and lower TSAT were associated with the occurrence of RLS.

Introduction

The rheumatic diseases are a diverse group of chronic diseases characterized by the presence
of chronic inflammation affecting structures of the musculoskeletal system, blood vessels, and
other tissues. Sleep has a strong regulatory influence on immune functions. The disturbance of
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the body’s immunity caused by sleep deprivation is not limited to the suppression of the
response to pathogens; it can also result in the collapse of immunological self-tolerance, which
can cause the onset of autoimmune disease [1-3]. Cross-sectional studies have shown that
sleep disorders in individuals with autoimmune diseases are correlated with pain, fatigue, psy-
chiatric manifestations, and disease activity [4].

The prevalence of symptomatic insomnia among rheumatic disease patients is as high as
47%-65% [5, 6], and the rates of patients’ subjective complaints of deteriorated sleep quality
are as high [5, 7-9]. Symptomatic insomnia is frequently associated with disease activity, with
general symptoms such as arthralgia, and with various medications. However, insomnia some-
times persists even after an individual’s original disease has improved [10]. The presence of
insomnia increases the risk of developing rheumatic disease [1], and fragmentation of sleep is
associated with exacerbation of the original disease [4, 11, 12].

Restless legs syndrome (RLS) may be present in 20%-30% of individuals’ with rheumatic
diseases [13-16]. RLS is accompanied by abnormal perception(s) such as an unusual, relaxing,
or burning feeling or an impulsive feeling based mainly in the lower limbs. These symptoms
become prominent at rest and are relieved by moving. Because RLS is often worse at night,
RLS may induce severe insomnia, manifesting as difficulty initiating and maintaining sleep
[17]. Although the prevalence of RLS in general populations in East Asian countries including
Japan is known to be lower than those in Europe and the U.S. [18], the reported prevalence of
RLS among Pakistani patients with rheumatic diseases was rather high at 19.1%.

We conducted the present study to determine the association between the disease activity
of rheumatic diseases such as rheumatoid arthritis (RA) during patients’ visits to an outpatient
clinic and their sleep-related problems. The prevalence of RLS among Japanese outpatients
with rheumatic diseases was also investigated.

Patients and methods

Patients

We collected 121 consecutive patients with rheumatic disease treated between August 2017
and May 2018 at the outpatient clinic at Nagasaki University Hospital. The quality of the stud-
ies was assessed on the basis of elements from the STROBE checklist for cross-sectional studies
[19]. The eligibility criteria for patients participating in this study were: (1) having a clinical
diagnosis of RA, systemic lupus erythematosus (SLE), mixed connective tissue disease
(MCTD), systemic sclerosis, vasculitis, osteoarthritis, dermatomyositis, or spondyloarthritis by
a rheumatologist; (2) a current user of at least prednisolone or an immunosuppressant accord-
ing to their medical records; (3) >20 years old, and 4) able to provide informed consent. The
exclusion criteria were: (1) the presence of any comorbidity of a medical or psychological/psy-
chiatric condition or treatment revealed by a review of the patient’s previous or outside medi-
cal records, in the opinion of the Principal Investigator, and (2) being unwilling to participate
in a research study or provide research samples or data.

Seventy patients met the initial study criteria and were enrolled in the study (S1 Fig). The
STROBE reporting guidelines were used in the design and implementation of our research
[19]. The patients’ subjective sleep quality, sleep disturbance, severity of insomnia, and day-
time sleepiness were evaluated. The patients underwent a screening test for RLS by the ques-
tionnaire method described below. Patients who declined to provide informed consent to
participate in the study were excluded. Written informed consent was obtained from all indi-
vidual participants included in the study. The study was reviewed and approved by the Medical
Ethical Committee of Nagasaki University Hospital (approval no. 16092619).
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Data collection

The patients’ demographic and clinical characteristics were collected at the time of the RLS
screening (Table 1). The demographic data included each patient’s gender, age, body mass
index (BMI), drinking habit, smoking habit, comorbidities, past history, and history of regular
medication. The patients’ laboratory data were obtained, including the white and red blood

cell counts, hemoglobin, platelet counts, total protein, albumin, sodium, potassium, chlorine,
aspartate aminotransferase (AST), alanine aminotransferase (ALT), lactate dehydrogenase,
blood urea nitrogen, serum creatinine (Cr), estimated glomerular filtration rate (¢GFR), serum
iron (Fe), unsaturated iron binding capacity, transferrin saturation (TSAT), C-reactive protein
(CRP), serum ferritin, blood sedimentation (represented by the erythrocyte sedimentation rate
[ESR]), glucose, HbA1c, and urine protein/creatinine ratio (Up/Ucr).

For the RA patients, the following information was also obtained: the tender joint count
based on a 28-joint assessment (i.e., the TJC28), the swollen joint count based on a 28-joint
assessment (the SJC28), the Medical Doctors’ Global Assessment (MDGA) of RA disease

Table 1. The patients’ demographic and clinical characteristics.

Age, yrs, median (IQR)
Female, n (%)
Diagnosis, n (%):

RA

SLE

Mixed connective tissue disease

Others
Disease duration, yrs, median (IQR)
BMI, kg/m?, median (IQR)
Smoker, n (%)
Sleeping pills, n (%)
Oral iron preparation, n (%) *
Vitamin D preparations, n (%) *
Antipsychotic drugs, n (%) *
Laboratory data, median (IQR):

Hemoglobin, g/dl

BUN, mg/dl

Creatinine, mg/dl

eGFR, ml/min/1.73m?

Total protein, g/dl

Albumin, g/dl

Ferritin, ng/ml

Iron, pg/dl

UIBC, pg/dl

TSAT, %

ESR, mm/hr

CRP, mg/dl

Up/Ucr, g/g=Cr

62 (47.8-68)
58 (82.9)

43 (61.4)
9 (12.9)
5(7.1)
13 (18.6)

11 (6-18)

21.6 (19.9-24.4)

10 (14.3)
10 (14.3)
1(1.5)
14 (20.6)
1(1.5)

12.8 (11.6-14.1)
14.0 (11.0-17.0)
0.69 (0.60-0.80)
74.3 (58.4-85.2)
7.50 (7.18-8.82)
4.15 (3.90-4.43)
55.0 (20.0-99.0)
77.5 (54.0-118)
238 (200-303)
25.3 (14.6-38.2)
12.0 (8.00-24.0)
0.08 (0.03-0.20)
0.08 (0.05-0.15)

*A total of 68 patients were evaluated. BMI: body mass index, BUN: blood urea nitrogen, CRP: C-reactive protein,

eGFR: estimated glomerular filtration rate, ESR: erythrocyte sedimentation rate, IQR: interquartile range, RA:

rheumatoid arthritis, SLE: systemic lupus erythematosus, TSAT: transferrin saturation, UIBC: Unsaturated iron

binding capacity, Up/Ucr: urine protein/creatinine ratio.

https://doi.org/10.1371/journal.pone.0230273.t001
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activity on a 100-mm visual analog scale, and the Patient’s Global Assessment (PGA) of activity
on a 100-mm analog scale. Four clinical activity disease indices, i.e., the Disease Activity Score

in 28 joints (DAS28)-CRP, the DAS28-ESR, the Simplified Disease Activity Index (SDAI), and
the Clinical Disease Activity Index (CDAI) were calculated as described [20-22].

Questionnaires

We evaluated the patients’ sleep quality and disturbance retrospectively over a 1-month period
by using the self-reported Japanese version of the Pittsburgh Sleep Quality Index (PSQI) [23].
The 19 questions are categorized into seven components, graded with scores that range from 0
to 3. The PSQI components are as follows: subjective sleep quality (C1), sleep latency (C2),
sleep duration (C3), habitual sleep efficiency (C4), sleep disturbances (C5), use of sleeping
medication (C6), and daytime dysfunction (C7). The PSQI global score (GS) is evaluated as 0
to 21 points, and a higher score indicates low sleep quality and sleep disturbance. The PSQI
cut-off value for poor sleep quality was estimated at >6 points.

The severity of the patients’ insomnia was assessed by the Japanese version of the Insomnia
Severity Index (ISI) [24, 25]. The daytime sleepiness was assessed by the Japanese version of the
Epworth Sleepiness Scale (ESS) [26, 27]. The total ISI scores are divided into seven items, each
providing a five-point Likert scale (0 = no problem, 4 = very severe problem), and the items
assess the severity of difficulty initiating sleep (DIS), difficulty maintaining sleep (DMS), and
waking up too early (WE). A cut-off score of 10 has been used as the threshold for pathological
conditions of insomnia [28]. Responders who had 'mild’ to very severe’ symptoms were defined
as having DIS, DMS, and/or WE. Responders who had 'moderate’ to "very severe’ symptoms
were defined as having moderate to severe DIS, DMS, and/or WE. The insomnia group was
defined herein as having at least moderate to severe DIS, DMS, and/or WE. The total ESS score
ranges from 0 to 24 points, with higher scores indicating stronger subjective daytime sleepiness.
ESS scores of >10 points represent increasing levels of ’excessive daytime sleepiness.’

For the screening test for RLS, the Japanese version of the Cambridge-Hopkins question-
naire short-form 13 (CH-RLSq13) was used [29, 30]. The CH-RLSq13 is a self-administered
questionnaire with high sensitivity and specificity for the diagnosis of RLS. The questionnaire
is comprised of 13 items, 10 of which are related to characteristic symptoms and the exclusion
of other conditions (e.g., leg cramping, positional discomfort). The remaining three items are
related to the severity and onset of symptoms.

Based on the patients’ data obtained from the sleep-related questionnaire, the patients were
divided into the poor-sleeper group (with a PSQI global score of >6 points) and the nonpoor-
sleeper group. The patients were also divided into the severe-insomnia group (with an ISI total
score of >10 points) and the nonsevere-insomnia group. A third division of patients was
made: the excessive daytime sleepiness (EDS) group (with an ESS total score of >10 points)
and the non-EDS group.

Diagnosis of RLS

After the questionnaire screening was conducted, a board-certified physician of the Japanese
Society of Sleep Research (H.K.) interviewed the patients who were suspected of having RLS.
These patients were screened by a questionnaire for the five essential diagnostic criteria for
RLS as defined by the International Restless Legs Syndrome Study Group (IRLSSG) [17].

Multiplex cytokine/chemokine bead assays

We performed a multiplex analysis of undiluted serum supernatants using the Milliplex MAP
Human Cytokine/Chemokine Panel 1 Pre-mixed 38 Plex (Merck Millipore, Darmstadt,
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Germany) according to the manufacturer’s instructions. Within 30 min of their collection, the
serum samples were centrifuged at 1500 rpm at 4°C for 5 min, and the liquid phase of the
serum was stored at —80°C until use. The levels of the following 41 cytokines/chemokines in
the liquid phase of the serum were measured: vascular endothelial growth factor (VEGEF),
tumor necrosis factor-beta (TNF-B), tumor necrosis factor-alpha (TNF-a), transforming
growth factor (TGF)-a, macrophage inflammatory protein (MIP)-1B, MIP-1c, myeloid den-
dritic cells (MDCs)/ C-C Motif Chemokine Ligand 22 (CCL22), monocyte chemotactic pro-
tein (MCP)-3, MCP-1, interferon-gamma (IFN-y)-induced protein (IP)-10, interleukin (IL)-
17, -15, -13, -12 (p70), -12 (p40), -10, -9, -8, -7, -6, -5, -4, -3, -2, -1ra, -1B, and -10, IFN-y, IFEN-
02, growth-related cytokine (GRO), granulocyte macrophage-colony stimulating factor
(GM-CSEF), granulocyte-colony stimulating factor (G-CSF), fractalkine, Flt-3 ligand, fibroblast
growth factor (FGF)-2, eotaxin, epidermal growth factor (EGF), and sCD40L.

The concentrations were calculated based on the respective standard curve for each cytoki-
ne’s/chemokine’s concentration, assayed in the same manner as the serum samples. The detec-
tion limit for each molecule was determined by the recovery of the corresponding standard,
and the lowest values with >70% recovery were set as the lower detection limits. All samples
were analyzed in duplicate.

Statistical analyses

Categorical variables are presented as counts and percentages. Continuous variables are pre-
sented as medians and interquartile ranges (IQR) where non-normally distributed. A nonpara-
metric Wilcoxon rank sum test was used for the inter-group comparisons of multiple
variables. Fisher’s exact test was also used to test the possible association between each variable
factor and the subgroups. Decision tree models for predicting RLS were built with the Classifi-
cation and Regression Trees (CART) algorithm [31]. The statistical analyses were performed
using JMP® Prol4 software (SAS Institute, Cary, NC).

Results
The prevalence and insomnia symptoms in rheumatic disease

The prevalence and severity of insomnia in rheumatic disease were determined: the patients’
median score on the PSQI was 6 (IQR 4-9), showing multimodality without normal distribu-
tion, and higher scores indicate that the patient’s sleep quality is severely disturbed (Fig 1).
There were 36 patients (51.4%) who had poor sleep. The number of patients who had DIS,
DMS, and WA were 30 (42.9%), 28 (40%), and 20 (28.6%), respectively (Table 2). The number
of patients with any insomnia symptoms was 38 (54.3%). Twenty patients (28.6%) had one or
more moderate-to-severe insomnia symptoms.

Comparison of the RA patients’ disease activity scores between insomnia
group and non- insomnia group

In the group of 43 RA patients, the disease activity scores were compared between the patients
with and without any moderate-to-severe insomnia symptoms: the SJC28 was significantly

higher in the insomnia group (n = 13) compared to the non-insomnia group (n = 30)
(p = 0.006) (S1 Table).

The prevalence of RLS and its disease-related features in rheumatic disease

Ten patients (14.3%) with rheumatic disease were diagnosed with RLS, including five RA
patients, two SLE patients, and one patient with MCTD. The median age (minimum-
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Fig 1. Histogram of the patients’ Pittsburgh Sleep Quality Index global scores.
https://doi.org/10.1371/journal.pone.0230273.9001

maximum) at RLS onset was 40 (15-60) years. Five of the 10 patients with RLS developed RLS
after the diagnosis of rheumatic disease: in three of these five patients, the RLS and rheumatic
disease had developed at almost the same time; in one patient, the RLS had developed before
the diagnosis of rheumatic disease; in the remaining patient, the onset of RLS was not known.
Nine patients reported experiencing RLS symptoms <2 days/week during the prior 12
months, and only one patient reported experiencing RLS symptoms 4-5 days/week.

We divided the total series of 70 patients into two groups based on whether they had RLS or
not (Table 3). Among the disease-related features at baseline, younger age (p = 0.02), higher
PSL dose (p = 0.002), lower total protein (p = 0.02), lower serum level of iron (p = 0.03) and
lower TSAT (p = 0.03) were significantly related to RLS.

Comparison of the patients’ backgrounds evaluated with the PSQI, ISI, and
ESS in the RLS and non-RLS groups

The patients’ backgrounds evaluated with the PSQI, ISI, and ESS were compared between the
RLS group and the non-RLS group (Table 4). Eight of the 10 patients (80%) in the RLS group
and 19 of the 60 patients (32%) in the non-RLS group reported getting <6 hr of sleep per
night, revealing a significant between-group difference (p = 0.004). There was no significant
difference regarding difficulty sleeping in seven of the RLS patients (70%) compared to 23 of
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Table 2. The patients’ sleep characteristics.

PSQI GS, median (IQR) 6 (4-9)
PSQI GS >6 36 (51.4)
ISI, median (IQR) 4(2-6)
ISI >10, n (%) 10 (14.3)
Symptoms of insomnia, n (%)
DIS, mild to very severe 30 (42.9)
DIS, moderate to very severe 13 (18.6)
DMS, mild to very severe 28 (40.0)
DMS, moderate to very severe 12 (17.1)
WA, mild to very severe 20 (28.6)
WA, moderate to very severe 1(1.4)
Any symptoms 38 (54.3)
Any moderate to severe symptoms 20 (28.6)
ESS, median (IQR) 5(3-8)
ESS >10, n (%) 13 (18.6)
RLS, n (%) 10 (14.3)

DIS: difficulty initiating sleep, DMS: difficulty maintaining sleep, ESS: Epworth Sleepiness Scale, ISI: Insomnia
Severity Index, PSQI GS: Pittsburgh Sleep Quality Index global score, RLS: restless legs syndrome, WA: wake up too

early.

https://doi.org/10.1371/journal.pone.0230273.t1002

the non-RLS patients (38%) (p = 0.06). There was no significant between-group difference in
daytime sleepiness assessed by the ESS.

Assessment of the cut-off values of the predictors of RLS in the rheumatic
disease patients

The predicting factors associated with RLS in the rheumatic disease patients as revealed by the
CART analysis were examined, with the explanatory variables of age at onset, the daily PSL
dose, and the TP, Fe, and TSAT levels (which showed significant differences in a univariate
analysis) for the CART analysis. In the decision tree analysis, the calculated minimum number
of cases of the child node after the analysis was 10, and the analysis was terminated before the
number of cases of the child node became <10. The cut-off point of >3 mg/day for the PSL
dose and <16.54% for TSAT provided the best performance for predicting RLS in rheumatic
disease (Fig 2).

Discussion

This study provides the first report of the prevalence of RLS among individuals with rheumatic
diseases in Japan. The association between RLS and higher PSL dose in rheumatic diseases has
not been discussed, and it is necessary to clarify the significance of this association in patho-
physiology; a verification of our findings in further prospective studies of larger multicenter
populations is also needed.

The prevalence of RLS among our present patients with rheumatic diseases was signifi-
cantly higher than that reported in the general populations of Asian countries [18]. The
reported prevalence of RLS in the Japanese general population is 1.8% [32]. The reported prev-
alence of RLS was 27.7% among RA patients in Canada [14], 15.3% among patients with Sj6-
gren’s syndrome in Sweden [33], 30.6%-37.5% among subjects with SLE in Turkey and
Canada [15, 34], and 19.1% among patients with rheumatic diseases in Pakistan [16].
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Table 3. Comparisons of demographic and clinical characteristics between RLS group and non-RLS group.

Age, yrs, median (IQR)
Female, n (%)
Diagnosis, n (%)

RA

SLE

Disease duration, yrs, median (IQR)

BM]I, kg/mz, median (IQR)
Smoker, n (%)

Sleeping pills, n (%)

Vitamin D preparations, n (%) *

Prednisolone (mg)

Prednisolone > 3 mg (%)

Laboratory data, median (IQR):

Hemoglobin, g/dl
BUN, mg/dl
Creatinine, mg/dl
eGFR, ml/min/1.73m’
Total protein, g/dl
Albumin, g/dl
Ferritin, ng/ml

Iron, pg/dl

Unsaturated iron binding capacity, pg/dl

TSAT, %

ESR, mm/hr
CRP, mg/dl
Up/Ucr, g/g* Cr

RLS (n = 10)
47.5 (36.0-64.0)
8 (80.0)

5 (50.0)
2(20.0)

15 (7.5-23)
21.2 (19.0-27.9)
9(90.0)
2(20)

3 (30)

6.00 (3.75-8.25)
9 (90.0)

12.8 (11.7-13.9)
12.0 (7.0-20.0)
0.63 (0.53-0.83)
82.0 (74.3-97.5)
7.2(7.1-7.4)
4.05 (3.8-4.325)
23.5 (14.0-64.5)
54.0 (35.0-82.0)
292 (261-329)
14.7 (10.6-25.8)
10.0 (7.5-27.3)
0.16 (0.03-0.60)
0.04 (0.06-0.13)

Non-RLS (n = 60)

62.5 (49.3-71.0)
50 (83.3)

38 (63.3)
7 (11.7)

10 (5-18)
21.9 (19.9-24.3)
51 (85.0)
8(13.3)

11 (19.0)
0.50 (0.00-0.50)
20 (33.3)

12.7 (11.6-14.15)
14.0 (12.0-17.0)
0.7 (0.6-0.8)
72.4 (58.0-95.3)
7.6 (7.2-7.9)
4.2 (4.0-4.5)
55.0 (24.5-104)
84.5 (56.3-128)
226 (197-294)
26.5 (17.0-39.0)
12.0 (8.0-24.0)
0.08 (0.03-0.19)
0.08 (0.05-0.17)

p-value

0.02
0.80

0.42
0.61
0.25
0.87
0.68
0.63
0.42
0.002
0.001

0.78
0.28
0.30
0.06
0.02
0.17
0.06
0.03
0.10
0.03
0.92
0.48
0.25

BMI: body mass index, BUN: blood urea nitrogen, CRP: C-reactive protein, eGFR: estimated glomerular filtration

rate, ESR: erythrocyte sedimentation rate, IQR: interquartile range, RA: rheumatoid arthritis, SLE: systemic lupus

erythematosus, TSAT: transferrin saturation, Up/Ucr: urine protein/creatinine ratio. P-values were determined by

nonparametric Wilcoxon rank sum test and Fisher’s exact test.

https://doi.org/10.1371/journal.pone.0230273.t003

Compared to previous reports, the prevalence of RLS in our study (14.3%) was similar to that

in other countries.

Our study subjects were outpatients with relatively stable conditions. There have been no
reports of RLS coexistence in the early stages of or in conditions with high disease activity.
Interestingly, half of our patients with RLS developed RLS after the diagnosis of rheumatic dis-
ease; in three of these five patients, the RLS and rheumatic disease had developed almost simul-
taneously; in one patient, the RLS developed before the diagnosis of rheumatic disease, and in
the remaining patient, the onset of RLS was unknown. It is necessary to determine whether
RLS develops secondarily to rheumatic disease, and to further clarify the association between
the disease activity of rheumatic disease and RLS.

It is not yet known whether PSL treatment affects the disease development of RLS in rheu-
matic disease. Only a single case report showed that oral PSL was effective in a patient with
RLS who was resistant to other therapies [35]. However, other reports described an association
between PSL treatment and sleep disorder [2, 36]. In our present investigation, the serum lev-
els of GRO (p = 0.01), IL-8 (p = 0.003), and IL-1ra (p = 0.03) measured by multiplex cytokine/
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Table 4. Comparisons of sleep characteristics between the RLS and non-RLS groups.

RLS (n=10) Non-RLS (n = 60) p-value
PSQI
Global score, median (IQR) 8.0 (4.0-14.0) 5.5 (4.0-9.0) 0.16
Global score >6, n (%) 6 (60) 30 (50) 0.56
PSQI components, n (%)
C1: subjective sleep quality >2 3 (30) 14 (23) 0.64
C2: sleep latency >2* 4 (40) 15 (25) 0.32
C3: sleep duration >2** 8 (80) 19 (32) 0.004
C4: habitual sleep efficiency >2*** 1(10) 4(6.7) 0.71
C5: sleep disturbances >2 7 (70) 37 (62) 0.61
C6: use of sleeping medication >2**** 2 (20) 12 (20) 1.00
C7: daytime dysfunction >2 1(10) 3(5.0) 0.53
ISS, median (IQR) 5.5(3.0-8.5) 4.0 (2.0-6.0) 0.25
1SS >10, n (%) 2 (20.0) 8 (13.3) 0.63
Symptoms of insomnia, n (%)
Difficulty initiating sleep 7 (70) 23 (38) 0.06
Difficulty maintaining sleep 4 (40) 24 (40) 1.00
Waking up too early 1(10) 19 (31) 0.16
Any symptoms, mild to very severe 7 (70) 31 (52) 0.28
ESS, median (IQR) 5.0 (3.25-7.75) 5.0 (3.00-8.75) 0.93
ESS >10, n (%) 2(20.0) 11 (18.3) 1.00

*Sleep latency >31 min and the presence of difficulty initiating sleep.
**Total sleep time <6 hr.
***Sleep efficiency <85%.

>1 time. P-values were determined by nonparametric Wilcoxon rank sum test and Fisher’s exact test. ESS:

Epworth Sleepiness Scale, ISS: Insomnia Severity Index, PSQI: Pittsburgh Sleep Quality Index.

https://doi.org/10.1371/journal.pone.0230273.t1004

chemokine bead assays (52 Table) were significantly higher in the group with the PSL cut-off
point of >3 mg/day compared to the PSL <3 mg/day group, suggesting potential roles of
inflammation and immunological alteration in the mechanisms of action in RLS [37].

The distances between each pair of cytokines were also analyzed, based on the Spearman’s
correlation coefficients of the PSL cut-off point >3 mg/day; the results are shown as a heatmap
(S2 Fig). The correlations of pairs of cytokines/chemokines/growth factors showed different
patterns between the PSL >3 mg/day group and the PSL <3 mg/day group. The cytokines/
chemokines/growth factors including pro-inflammatory cytokines (IL-2, IL-6, IL-15, IFN-y)
were generally lower and correlated with an anti-inflammatory cytokine (IL-1ra) with PSL <3
mg/day group compared to the PSL >3 mg/day group. This result may indicate that an anti-
inflammatory cytokine might exert control in the PSL <3 mg/day group as a host defense
mechanism. Accordingly, our PSL >3 mg/day and <3 mg/day groups differed with elevated
downstream levels of pro-inflammatory cytokines/chemokines/growth factors, and these vari-
ations may have affected the disease activity and mechanism of RLS.

Iron deficiency is associated with RLS pathogenesis, and iron replacement therapy is gener-
ally widely used as a treatment for RLS when the patient’s level of TSAT, a marker of iron avail-
ability, is low [38]. In the present study, the TSAT level was significantly lower in the RLS
group (p = 0.03). These data suggest that when iron deficiency is present in a patient with a
rheumatic disease, iron replacement therapy is effective. However, under chronic inflamma-
tion, increased iron trapping within the macrophages and hepatocytes results in a higher level
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Fig 2. Classification and regression trees (CART) for predicting factors associated with RLS.
https://doi.org/10.1371/journal.pone.0230273.g002

of ferritin [39, 40], and clinicians should be aware that the administered iron may not be effec-
tive for erythropoiesis.

The age of the present RLS group was significantly lower than that of the non-RLS group
(p = 0.02). In this study, five of the 10 patients in the RLS group developed RLS before the age
of 45 years. It was reported that early-onset RLS (occurring before the age of 45 years) has a
high incidence of family history [41, 42]. In the present examination, one or more genetic fac-
tors may be involved with the earlier onset of RLS; however, our patients’ family histories of
RLS were not investigated sufficiently.

RLS often results in a higher prevalence of DIS and DMS compared to subjects without RLS
[17]. In our study, the quality of sleep tended to be worse in the RLS group, but it was not
clearly related to insomnia. This may be due to the fact that seven of the 10 RLS patients did
not experience the symptoms of insomnia every day. In addition, only one RLS patient felt
moderately distressed, although the patient was aware of RLS symptoms >4 days/week. We
speculate that insomnia and RLS had a poor correlation in our study population in part
because the severity of RLS was mild.

Vitamin D deficiency has been reported to be associated with RLS, and vitamin D replace-
ment therapy has been effective in reducing the symptoms of RLS patients who had vitamin D
deficiency [43-46]. In the present study, 20.6% of the enrolled patients were administered vita-
min D, and this therapy may have obscured symptoms of RLS. It is necessary to make an
adjustment that includes vitamin D deficiency and replacement therapy.
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It was reported that insomnia could be attributed to RA in up to 42% of cases, linking sleep
disturbance to pain, mood, and disease activity [47]. Our present findings also showed that the
disease activity component of RA was higher in the insomnia group compared to the non-
insomnia group. The results of our analyses indicated that insomnia is a consequence of joint
pain in patients with RA, and chronic joint pain may result in a vicious cycle in which sleep
disturbance activates clinical symptoms of pain, which then contribute to further sleep loss.

The limitations of our study deserve some discussion. First, the study population consisted
of a small number of outpatients (n = 70) treated at a single center, with no a-priori statistical
power analysis. This was an exploratory study, and we did not determine the number of samples
required at the start of the study because the prevalence of RLS in Japanese rheumatic diseases
is unknown. Second, there was a potential source of bias at the baseline including confounding
(per the STROBE checklist). Because the number of RLS patients in this study was small and a
multivariate analysis could not be performed, the adjustment for confounding factors was insuf-
ficient. In addition, patients with various rheumatic diseases such as RA and SLE were included
in this study, and thus the patients’ background characteristics such as being at a susceptible age
for a disease and the amount of PSL and concomitant immunosuppressants varied depending
on the rheumatic disease. The study population was thus not homogeneous with respect to the
patients’ backgrounds and treatments, which are likely to affect insomnia and RLS. Additional
similar investigations based on each rheumatic disease would be informative.

Third, patients with high disease activity could not be included because this study was of
outpatients with stable symptoms, and thus patients with relatively mild symptoms of insom-
nia and RLS might have participated. However, all of the data are presented in order to avoid
selective reporting. In this study, an analysis was performed based on a hypothesis, and there is
no evidence of data dredging. Further prospective studies of larger multicenter populations are
required to clarify and sufficiently adjust the analyses for RLS and related factors in rheuma-
toid diseases, including confounding factors.

Conclusions

This is the first report of the prevalence of insomnia and RLS in Japanese patients with rheu-
matic diseases. The prevalence of RLS in this series of patients with rheumatic diseases was
14.3%, and we consider this value as simply exploratory due to the limitations of the study.
The cut-off point of >3 mg/day for the PSL dose and <16.54% for TSAT were observed to pro-
vide the best performance for predicting RLS in rheumatic disease. The serum levels of GRO,
IL-8, and IL-1ra were significantly higher in the group with the PSL cut-off point of >3 mg/
day compared to the PSL <3 mg/day group, suggesting potential roles of inflammation and
immunological alteration in the mechanisms of action in RLS. The relationships among rheu-
matic disease activity with an imbalance of cytokines/chemokines, RLS, and insomnia should
be clarified in large multicenter populations.

Supporting information

S1 Fig. Patient enrollment flow chart.
(TIF)

S2 Fig. Heat-maps of nearest-neighbor correlations of cytokines in the PSL cut-off point
>3 mg/day and <3 mg/day. For each cytokine analyzed, the distance between the PSL >3
mg/day group and the PSL <3 mg/day group was determined based on Spearman’s correlation
coefficient.

(TIF)
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